The phenoxy cation has been generated in polar and nonpolar solutions by multiphoton ionization of nitrobenzene using nanosecond pulses of 266 nm and 355 nm light. The ions have been characterized by pulsed conductivity (ion mobility) measurements and transient absorption spectroscopy. The involvement of the phenoxy ion in ion-molecule chemistry with either neutral solute or solvent molecules has also been observed and the photochemical products and quantum yields of the ion-molecule products are presented and compared with the neutral photochemistry results.
INTRODUCTION
Considerable research effort has been concentrated on determining the effects of ionizing radiation on organic solutions. The goal of this type of research is to characterize the entire reaction mechanism, i.e. the conversion of particle or photon energy into internal energy of solute or solvent, but the experimental studies tend to be most concerned with the transient species created by the initial interaction of ionizing radiation and particle. The transient species in the case of energetic particle excitation may be either ionic or radical in nature and electron beam impact (pulse radiolysis) is typically the energy source for liquid phase experiments. In addition, the extensive use of pulsed lasers as initiation sources for photochemical reactions necessitates the improvement of our understanding of the reaction pathways available when a conventional cw source is replaced by high peak power pulses. There is no reason to expect a priori that the products or reaction mechanism would be identical in the cw and pulsed initiation modes.
Multiphoton production of energy selected ions has been shown to be an effective technique for production of ions in the gas phase. Furthermore, it has been shown that these ions may be used in unimolecular reaction studies or as reactants in ion-molecule chemistry. 2 Although the gas phase studies suggest that these same techniques would be useful in liquid phase ion-molecule chemistry, the use of Author to whome correspondence should be addressed. The remaining two products depend upon the cube of the laser intensity and are clearly the result of a different, new reaction pathway. The exact nature of this excitation process is not clear, but experimentally, see Figure 1 , the three photon dependence is observed, followed by the onset of saturation at higher laser intensities. Consideration of both product dependences on the laser intensity would lead to the conclusion that the mechanism for production of the new photoproducts is also sequential, i.e., the excited state created in the two-photon process is ionized, either by absorption of an additional photon or by autoionization with the additional photon absorbed by the ion.
Pulsed conductivity experiments at this wavelength resulted in the typical trace shown in Figure 2 cation and anion were determined by variation of the position of the laser focus between the two electrodes. For example, when the ionization occurs very near to cathode, it is the cations which first arrive at the appropriate electrode since the distance that they must travel is considerably shorter than that of the anions. By reversing the polarity and observing the resulting photoconductivity trace, the assignment may be confirmed. The area of the curve was integrated and a plot of such areas as a function of laser intensity yielded a slope of 2.8, for laser intensities less than or equal to 8 mJ/pulse. Although we have only a single point greater than this value, there appears to be a leveling of the curve shown as the inset in Figure 2 , indicating the onset of saturation. These data are consistent with a sequential multiphoton induced process and are further evidence of the ion-molecule nature of the reaction which leads to production of phenol and hexyloxybenzene.
Transient absorption spectra were also recorded in hexane using 355 nm pumping. region about 300 nm, it was possible to observe a weak, but persistent and reproducible absorption which has previously been observed for multiphoton pumping of phenol and anisole and has been attributed to the phenoxy cation. 5 A series of traces is shown in Figure 3 . This is direct evidence for the production of ionic reactants and reinforces our interpretation of the nature of the chemistry which produces the novel photoproducts. Transient absorption measurements were completed in this solvent and, in spite of a recurrrence of the difficulties reported above for hexane solutions, the absorption in the region about 300 nm was again detected. The existence of a slight solvent shift was also apparent in the results, of which a typical example is shown in Figure 3b . One may draw similar conclusions, as noted above, concerning the existence of an ionic reactant.
Photochemical Experiments with 266 nm (4.7 eV) Radiation All three experiments (long term photopumping, pulsed conductivity and transient absorption) were attempted at 266 nm, in both solvents. At this wavelength, the one-photon excitation is 7r rr*, a transition 1 which exhibits a relatively large absorption cross section. In methanol, no photoproducts were observed and this is attributed to efficient formation of the benzyl radical prior to absorption of a second photon. 11 The most likely fate of the benzyl radical is formation of benzene by efficient hydrogen atom abstraction from the solvent and our chromatographic procedure does not readily separate this hydrocarbon from the solvent, although a shoulder in the typical analysis may be due to benzene. Transient absorption spectra did not indicate the presence of either the radical or the cation, indicating that the reaction of the initially created species was faster than the nanosecond time scale of the experiment. In hexane, a similar reaction would be expected and no aromatic product molecules were observed in these photochemical experiments. However, the GC/MS did indicate the formation of alkylnitrates which were attributed to reaction of the NO2 radical with the hexane solvent. Photoconductivity measurements confirmed the absence of ion production by the lack of any currrent signal.
Reaction Mechanism and Kinetics All of the evidence for 355 nm excitation points to competitive absorption in the parent molecule leading to branching between neutral and ionic product channels. One of the pathways leads to formation of the nitrosobenzene via neutral bond cleavage, while the other leads to formation of a cation after absorption of additional photons by the initially created excited state. Nitrobenzene has a reported ionization potential of 7 eV in solution. 1 It has already been shown that the yield of the new products depends on the cube of the laser intensity and that the yield of ions, as shown by the conductivity technique, increases with an order nearly equal to three. Given this photophysical data, one concludes that it is the radical cation which is the reactive species or at least the reactive precursor for production of the new products, phenol and hexyloxybenzene. Whether the cation is produced by autoionization following two-photon absorption or three photons are needed to ionize the nitrobenzene, the radical cation would clearly be produced with a large excess energy, -3.5 eV for 355 nm excitation, and fragmentation would be readily possible. Indeed, the phenoxy cation is readily produced by multiphoton ionization in the gas phase. The implication is that, in the liquid as well, the fragmentation results in production of the phenoxy cation and that this is the ion which is involved in the ion-molecule chemistry leading to production of phenol by hydrogen abstraction from the solvent and hexyloxybenzene by reaction with the solvent. Two additional considerations support this conclusion regarding the importance of ionic reactivity: photolysis of nitrobenzene in CC14 results in nitrosobenzene formation, but no other products and studies involving the phenylium cation reacting with methane indicate that hydrogen abstraction leading to formation of benzene is significantly favored, by a factor of --20, over production of toluene. 13 polar solvents and was described as a dark, secondary product resulting from a complicated series of electron transfer steps initiated by the production of phenylhydroxylamine. 8 It is clear that the excited state which leads to production of the nitrosobenzene at 355 nm is not that previously reported for 366 nm excitation. In the current work, the production of nitrosobenzene depends upon the square of the laser intensity and gas purging studies confirm that the reaction is not due to a triplet precursor. The ease with which the two photon transition becomes satuated indicates that the second step is an allowed transition and that the reaction occurs from a more highly excited state than with 366 nm monophotonic excitation. It is unlikely that the excitation energy remains in the electronically excited molecule, but rather internal conversion and collisional transfer lead to formation of a highly vibrationally excited ground state molecule with subsequent formation of nitrosobenzene. At 266 nm, no photochemistry is observed at all. The absence of any detectable product has been attributed to rapid cleavage of the C-NO2 bond and subsequent formation of benzene, which cannot be observed in these experiments. This type of photolytic cleavage has been previously reported for nitrobenzene.
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The new and novel reaction products, however, cannot be a result of neutral molecule chemistry and must result from the formation of a cationic species. It is clear that ions are being produced since the pulsed conductivity signals are substantial. Moreover, time-of-flight studies in our conductivity cell yield an ionic radius which is consistent with that previously obtained for phenoxy cations 5 and similar aromatic molecules. The transient absorption spectrum in the region around 290-310 nm is identical to that previously reported for phenoxy cations generated from phenol and anisole. Finally, the photoproducts observed in this work may be derived from a mechanism nearly identical to that reported for reaction of the phenoxy cation from a phenol precursor in the same solvents. 5'14 Estimates of the rate constants for reaction of the cation with the solvent may be obtained from data such as that presented in Figures 3a and 3b 
